The propagation of singularities for the system of homogeneous thermoelasticity in one space dimension is studied. Linear and a class of semilinear Cauchy problems are considered. ᮊ
INTRODUCTION
We consider the Cauchy problem for the one-dimensional system of thermoelasticity, both for the linear, homogeneous case and for a class of semilinear problems. We are interested in describing the propagation of singularities and the distribution of regular domains in the space᎐ time region, respectively, if the initial data have different regularity in different parts of the real line.
The system of thermoelasticity is a hyperbolic᎐parabolic coupled system describing the elastic and the thermal behavior of an elastic medium. It is well known that with respect to the decay of solutions as time tends to infinity, and also with respect to the existence of global smooth solutions for small data in one dimension, the system behaves like a parabolic one; w x w x see, for example, 4, 5, 16, 11, 12, 18 or 9, 10, 17 and the references therein. It has been shown that large data for the quasilinear problem will w x lead to the development of singularities in finite time; see, e.g., 3 and the w x w x references in 10 . On the other hand, it was proved in 7 that solutions to the linear problem propagate singularities in the sense that the solutions do not show a smoothing effect, i.e., in general, the H s regularity of the initial data will not be improved.
Here we shall describe the behavior of the solutions for initial data which typically have the regularity while right-hand sides will behave differently on characteristic lines; see below. It turns out that the behavior is dominated by the hyperbolic part Ž w x. cf. 7 , and the characteristic lines are those from the wave equation. This will also hold for a class of semilinear problems. We shall describe the domains in the space᎐time area with H s or H sq 1 regularity precisely. Our interest is devoted to the study of the Cauchy problem in one-dimensional semilinear thermoelasticity, u y u q ␥ s f u, , Ž .
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The subject of this paper is to study the local existence and regularity of Ž . Ž . solutions u, to the semilinear problem 1.1 where s will be in ‫ޒ‬ q and 0 -a -b -ϱ are fixed. For this purpose, we 0 first study the propagation of singularities for the linearized problem Ž . associated to 1.3 using Fourier analysis; at the same time, we obtain estimates for the solutions in a space of piecewise H s functions. Then, as usual, we use these estimates in an iteration scheme for the nonlinear problem. In order to formulate the main results, let us denote by I, II, and III, respectively, the three regions
which are illustrated in Figure 1 
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Moreo¨er, there is a constant c s c T ) 0 depending only upon T, such that the estimates 
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Moreo¨er, we ha¨e
Ž . t x
w x Semilinear problems for special nonlinearities have been studied in 4 w x s and 6 with respect to global existence and blow-up, respectively, for H data. It is interesting to compare the results above to those well known for w the purely hyperbolic case, i.e., s 0, ␥ s 0; see, for example, 1, 2, 8, x 13᎐15 . In our case the hyperbolic part is the predominating one leading to ' the same characteristic lines '' x " t s const.'' as in the purely hyperbolic case; nevertheless the parabolic impact is still present as can be seen in Theorem 1.1, looking at the regularity required for u , or in Theorem 2 1.2 , observing that the range of l is restricted to l s 1, 2.
In Section 2 we shall present lemmata finally proving Theorem 1.1, while Section 3 will give the proof of Theorem 1.2 along a series of lemmata. Finally, Section 4 will add some concluding remarks, e.g., on initial-boundary value problems. m Ž . Notation. We use standard notation for the Sobolev spaces H ‫ޒ‬ ,
for any rectangle T , T = x , x ; ⍀ l 
LINEAR PROBLEMS

Ž .
In this section we study the linear problem 1.8 and present the proof of Ž . Theorem 1.1. The problem 1.8 can be divided into four problems in each of which only one of u , u , u , and F is nonzero. We shall study these 0 1 2 problems separately. First let us consider the case u s u s 0, F s 0, i.e.,
Applying the Fourier transformation F F, we can express the solution u to Ž . 
as
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Concerning the asymptotic behavior of ␤ , it is known cf. 9, 17 that the j following holds. LEMMA 2.1. There are positi¨e constants c, k , k with k -k such that:
Ž . where r j s 1, 2 is smooth and satisfies 
Inserting these expansions into formula 2.4 , we obtain by simple computations
Ž . where r j s 5, 6 is smooth and bounded.
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for which the following identity obviously holds:
Ž . Thus, the solution u given in 2.2 can be decomposed into u t, x s¨t, x 2.17
The different terms are investigated separately. At first we shall prove
for any k g N, s G 0. Moreo¨er, for any T ) 0 there is c ) 0 such that
We shall verify 2.19 , and the estimate 2.20 will be obvious from this proof using the mapping properties of the Fourier transform. The assertion is immediately clear for u Ž2. by using the fact that b 2 and
are smooth on the support of 1 y . Concerning u we 1 2 exploit Lemmata 2.1 and 2.2 to obtain that on the support of we have
Ž . where R js1, 2 is smooth in t G 0 and bounded in g supp .
By differentiating 2.15 with respect to t we obtain
Ž1.
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where r is smooth and satisfies 
holds for any T ) 0.
Proof. We study the term¨; the term¨can be discussed similarly. 2 3 Using Lemmata 2.1 and 2.2, we obtain on the support of 1 y ,
where r is smooth and satisfies any l g 1, . . . , k . Moreo¨er, for any T ) 0, the following estimate holds: 
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due to the heat conduction part. In particular, we have in general
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It is easy to see that the solution u of 2.56 can be represented as
where, for j s 1, 2, 3.
In the same way as Proposition 2.7 we can establish a result for problem Ž . 
Ž .
In the same way as in Lemma 2.3, we have LEMMA 2. 10 . For any integer k G 0 and
for any s G 0 and T ) 0. Moreo¨er, the estimate Ž . Ž . 
75 is valid, by using the fact that
The result for¨can be verified similarly. Q.E.D. Moreo¨er, we ha¨e the estimate ' ' 
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Moreo¨er, we ha¨e the following two estimates: 
SEMILINEAR PROBLEMS IN THERMOELASTICITY
Ž .
The purpose of this section is to study the semilinear problems 1.1 and Ž . 1.3 , and to prove Theorem 1.2. In the remainder of this paper, s ) 9r2 is a fixed real number.
Ž . To solve the nonlinear problem 1.1 , we use the iteration scheme
with the iteration starting point u , [ 0, 0 . Formally, the scheme Ž .
Ž . 3.1 gives rise to an iteration scheme for the nonlinear problem 1.3 as
Ž . where F and G are determined by u , in the same manner as in Ž .
Ž . 1.5 , and u , , are given in 1.6 . 
Proof. Applying 1.11 in the iteration scheme 3.2 we obtain the estimate 
As simple consequences of 3.5 we shall obtain the following two lemmata.
Proof. Fix any T ) 0 and choose K as
Ž . u , q u ,
Ž . Ž . Then, using 3.5 , 3.10 , and induction on , we conclude for each that u, qu,
Ž . Proof. For the iteration scheme 3.1 , we can establish the following estimate in a similar manner as in Lemma 3.1, 
with T ) 0 gi¨en in Lemma 3.2. 2 
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Let us now study the further regularity of u.
Ž . Ž . We remark that an additional independence of g on cannot be treated in the regularity class considered in Theorem 1.2.
CONCLUDING REMARKS
We have discussed and described the propagation of singularities for the Cauchy problem of linear thermoelasticity as well as for a class of semilinear Cauchy problems in one space dimension. It turns out that the characteristic picture is dominated by the hyperbolic part with exactly the same characteristic lines. Nevertheless the parabolic part induced by heat conduction not only presents technical difficulties, but influences the kind of results obtainable. Although the heat equation itself has a well-known smoothing effect, in thermoelasticity it does not have a smoothing effect. Instead, it prevents the analysis from being exactly the same as for wave equations. By the infinite propagation speed and having the real line as domain of dependence, the heat equation, through the coupling, has a deregularizing effect, visible in Theorem 1.2 in the restriction l s 1, 2 in Ž . 1. 16 . On the other hand, a certain smoothing effect can be seen in Theorem 1.1 by looking at the regularity needed for u .
Finally we remark that most arguments rely on a careful analysis in Fourier space and the use of optimal regularity results for heat equations which can be carried over to boundary value problemsᎏin principleᎏto 
